In cells latently infected with EBV, the switch from latency to productive infection is linked to the expression of two EBV transcription factors called EB1 (or Z) and R. EB1 is an upstream element factor which has partial homology to the AP1/ATF family, whereas R is an enhancer factor. In the R-responslve enhancer of the replication origin only active during the EBV lytlc cycle (ORIIyt), R-responsive elements are located in a region of about 70 bp (RRE-DR). Here we show that R, produced either by In vitro translation, or present in nuclear extracts from HeLa cells constitutively producing R, binds directly to and protects against DNAase I digestion, two regions in RRE-DR. Using mobility shift assay and DMS interference, we have characterized the contact-points between R and the DNA. Two binding sites, RRE-DR1 and RRE-DR2, were characterized and are contiguous in RRE-DR. R binds to these two sites probably by simultaneously contacting two sequences within the sites, which are separated by 7 bp in RRE-DR1, cctGTGCCttgtcccGTGGACaatgtccc, and by 6bp in RRE-DR2, caatGTCCCtccagcGTGGTGgctg. Direct Interaction of R with its cognate sequences is conferred by its N-terminal 355 amino-acids. Directed mutagenesis in RRE-DR, of either R-binding site, impaired binding of R in vitro and, as assayed by transient expression in HeLa cells, impaired R-activation by a factor of two. This suggests that RRE-DR1 and RRE-DR2 do not respond cooperatively to R.
INTRODUCTION
The human herpes virus EBV (Epstein-Barr virus) infects and immortalizes peripheral B lymphocytes, resulting in the establishment of a latent infection. In such latently infected B cells, the entire EBV genome is maintained mainly as a plasmid, and its expression reduced to a few genes: those encoding two small RNAs (EBERS) (1), the six Epstein-Barr Nuclear Antigens (EBNA-1, -2, -3A, -3B, 3C and LP) (For a review see ref 2) , the BHRF1 encoded protein (3; 4) , the latent membrane protein (LMP) (5) and the terminal membrane proteins (TP1 and TP2), whose coding sequences are created by joining the ends of the linear virus (6; 7).
The latent EBV genome is spontaneously activated in particular cell lines, where between 0.5% and 5% of the cells produce viruses. It can also be activated by various chemical agents including the tumor promoter 12-O-tetradecanoyl-phorbol 13-acetate (TPA) (8) . In both cases, the activation seems to be linked to the expression of two EBV-encoded transactivators of early gene promoters, EB1 (also called Z) and R (9; 10,11; 12; 13; 14; 15). EB1 is encoded by the open reading frame (ORF) BZLF1 and is expressed from two promoters, PZ and PR, either as a lkb monocistronic mRNA or as 3 and 4 kb mRNAs generated by alternative splicing and expressing both EB1 and R, the BRLF1 ORF encoded factor ( Figure 1A ) (16) .
EB1 seems to have a key role in the induction of the lytic cycle (10; 11; 12) . It is a DNA binding protein (17; 18; 19) that positively autoregulates its own promoters but also activates transcription from quite different responsive elements including AP-1 binding sites (20; 21) . EB1 does not seem to be a factor that can act at distances more than 100 to 200 bp from the TATA box (20) . R, however, seems to be a factor that can act at distances over thousands of base pairs and several R targets have been identified (22; 23a; 23b; 24; 25) . One is part of the duplicated promoter DR/DL (26; 22) , and overlaps with the enhancer of the EBV origins of replication active only during the lytic cycle and called ORIIyt (27) .
ORIIyt activity is dependent on the EBV-encoded DNA polymerase, on the BZLF1 encoded transcription factor EB1, and on the presence of the enhancer located upstream from the DR/DL TATA boxes (27) (Figure 1A ). This enhancer has two functionally distinct regions, A and B. Region A is constitutively active in all cell lines tested so far except lymphoid B cells, whereas region B was transactivated by R in all cell lines tested (22) . One R target in the DR enhancer B region has been reduced to 28 bp and contains the double palindromic sequence B0, CC-TGTGCC7TG7TCCGTGG4CA4TGTCC (22) . When this 28bp DNA fragment was placed upstream from the rabbit /3-globin promoter, it mediated an 8 fold R-induction (28) . However, the double palindrome TTGTCCCGTGGACAATGTCC either alone or duplicated did not confer R-responsiveness to the /3-globin promoter (28) . The contiguous and partially overlapping sequence GTCCCTCCAGCGTGGTGGCTGCC, called Bl, mediated a 3 fold R-activation when placed upstream of the /3-globin promoter (28) . However, when linked to each other, BO and Bl (RRE-DR), mediated a 25 fold R-activation (28) .
We show in this report that R binds in the B enhancer region, to sequences which fail within the RRE-DR. Moreover, we show by mobility shift assay and DMS interference, that R binds independently in vitro to two sites within the RRE-DR (the RRE-DR 1 and the RRE-DR2). Each binding site covers about 18 bp, where R probably simultaneously contacts two core sequences separated by 6 or 7 bp. In the RRE-DR, mutations that impaired binding of R to one site or the other, only reduced the Rtransactivation by a factor of 2, suggesting that the RRE-DR 1 and the RRE-DR2 do not respond cooperatively to R.
MATERIALS AND METHODS Cloned DNA templates
The EB1 and R expression vectors have been described extensively elsewhere (16) . Briefly, they are pUC18 derivatives containing the ORFs BZLF1 and BRLF1 that code respectively for the EBV transactivating factors EB1 and R, placed under the control of the SV40 early promoter-enhancer. Plasmid pG2 contains the rabbit /3-globin gene with the M13mpl2 polylinker cloned 5' to the /3-globin promoter (29) . Plasmids pG2.899/741, pG2.899/752, pG2.899/775, pG2.899/812, pG2.737/805, were made by ligating subregions of the B region of the DR enhancer 425 bp 5' to the /3-globin promoter (see figures 2B and 3B). All clones were verified by sequencing. Numbers after pG2 describe the position and the orientation of the border of the inserted enhancer subregions and they refer to the map coordinates described in Figures 1A and 2A . Plasmid pSV2/3 (28) expresses a chimeric SV40-/3-globin RNA and was cotransfected as an internal control for transient expression experiments. Plasmid pSVO contains the SV40 Hpa II (map position 346) to Hind in (map position 5171) fragment cloned in pUC19 digested with Hind HI and BamH I. This plasmid was included in transfections to keep the amount of SV40 early promoter sequences constant, since EB1 and R are expressed under the control of the SV40 early promoter.
Production of HeLaN and HeLaR cells
HeLa cells were transfected with plasmids p36/7polyA or p36/7polyAR (Figure 2A ), by the calcium precipitate method (30) . 20 hrs after transfection, the cells were exposed to G418 at a concentration of 800mg/L. Every three days, the cells were washed and placed in fresh medium plus G418. Several G418 resistant clones were isolated, amplified and frozen. Two of them were selected and called HeLaR (for cells transfected with p36/7polyA R) and HeLaN (for cells transfected with p36/7polyA).
HeLa cells nuclear extracts
Nuclear extracts were prepared from HeLaN and HeLaR cells, by the method of Dignam (31) , with the modifications introduced by Wildeman et al. (32) .
Production of R and mutant proteins in vitro
The BRLF1 ORF was cloned in plasmids pSPT18 or pSPT19 (Boehringer Mannheim). Cloned inserts within the polylinker region were transcribed from either the SP6 or the T7 promoters.
The RNA obtained were used to program protein synthesis in messenger dependent rabbit reticulocyte lysates (Promega) using 14 C-L-Leucine.
DNAase I footprints Footprints experiments were made using an EBV ORDyt enhancer probe derived from plasmid pG2-899/741, 5'-labelled by 32P at either position 741 (probe pG2EC) or at position 899 (plasmid pG2ENC) (Figure 3) . The experimental procedure is described in ref 33 .
Electrophretic Mobility Shift Assay (EMSA) 2/xl of in vitro translation extract, were incubated with 2x 10 4 cpm of ^P-labeled-RREs ( figure 1A ). Incubations were carried out in 0,5 mM MgCl 2 , 10 mM HEPES-KOH (pH 7.9), 0.5 mM DTT, 0.5 mM PMSF, 150 mM KC1, 10% glycerol, at 25°C for 30 minutes. The mixture was loaded onto a 4.5% polyacrylamide gel (29 to 1 crosslinked), 0.2XTBE. The R-RRE complexes (B) were separated from the non-complexed DNA (F) by migration at 10 V/cm and visualized by autoradiography.
DMS interferences 5x 10
5 cpm of the DNA probes was methylated using 1 yX of DMS during 3 mn. at 18°C. The methylated probe was then incubated with 2/il of in vitro translation extract. After EMSA assay, the retarded DNA probe (B) and the non-retarded DNA probe (F) were electroeluted and incubated in 100 y.\ of 1M piperidine for 30 mn. at 90°C. An equal amount of the radioactive B and F probes was analysed on 8% polyacrylamide sequencing gels and visualized by autoradiography.
Cell culture and transfections
HeLa cells were grown in DMEM (Gibco) supplemented with 10% (v/v) fetal calf serum. The plasmids used for transfection were prepared by the alkaline lysis method and purified through two CsCl gradients. HeLa cells were seeded at 10 6 cells per 100 mm Petri dish 8 h prior to transfection. Transfections were performed by the calcium precipitate method (30) . Cells were mixed with the appropriate DNA(s), and the DNAs were in the same topological state as assayed by agarose gel electrophoresis. Usually 15/tg of DNA were used per 100 mm dish including: 0,5/tg of R-expressing vector, 5/tg of reporter promoters, pSVO when required, 0,5/tg of pSV2/3 as internal control and pUC19 up to 15/tg.
RNA extraction and SI nuclease mapping
The cells transfected were lysed by NP40 as described elsewhere (29) . Nuclei were pelleted and RNA phenol extracted from the cytoplasmic fraction. 10 to 40 /tg of total cytoplasmic RNA was hybridized overnight at 30°C in 50% formamide, 0.3M NaCl, 0.01M Tris-HCl pH 7.4 to 5'-32P-labelled synthetic singlestranded DNA probes ( Figure IB) . The hybrids were digested 2 hours at 20°C with 5U of SI nuclease per 10 /xg of RNA. The size of the SI protected DNA fragment was analysed on 8% (w/v) acrylamide/8.3 M urea gels. Quantification was made by cutting the specific SI-protected bands out of the gel and counting the radioactivity. The results were corrected as follows: (i) according to the efficiency of transfection as evaluated by counting the radioactivity present in SI-protected probes corresponding to specific SV40 early RNA expressed from plasmid pSV2/3 and (ii) according to the activities of the different constructions in the absence of R.
RESULTS

The ORDyt RRE contains two regions responding to R
We have previously shown that the ORDyt enhancer sequences located between positions -741 to -899 (region B) upstream from the IR4 gene CAP site ( Figure 1A ), responded to R in a non cell-specific manner when linked to an heterologous promoter (22; 28) . We show here, that 69bp within the R-responsive enhancer contains the R-responsive element. Enhancer deletion mutants placed 425 bp upstream of the rabbit /3-globin promoter in plasmid pG2 (Figure IB), were transfected in HeLa cells, and their response to increasing amounts of R-expressing vector was evaluated by quantitative SI analysis. We do not show that increasing amounts of R-expressing vector result in increasing amounts of R protein. However, since specific R-induced transcription increased in response to increasing amounts of Rexpressing vector (see figure IB) , we assume that this is rather due to increasing amounts of R-protein. Therefore, the effect of the deletion can be compensated by the amount of R protein expressed. Deletion of sequences between bp -752 and -775 (plasmid pG2-899/775), impaired the induction of /3-globin transcripts by R, and this effect could not be compensated by the amount of R expressed (FigureIB, lanes 9, 13 and 17). However, the remaining sequences retained a low but detectable R-inducibility. In conclusion, it seems that there are at least two R-responsive elements within or overlapping with the sequences located between positions -742 and -775. This is likely to be the case, since a DNA fragment overlapping this region and placed upstream of the /3-globin gene (plasmid pG2-737/805), rendered this promoter responsive to R (Figure IB, lanes 6, 10 and 14), and the level of R-activation was comparable with that obtained with region B at all R concentrations tested (compare lanes 7,11 and 15 with lanes 6, 10 and 14). However, there could be only one R-responsive element, and the stimulatory effect might be due to a stabilizing effect of flanking sequences (-741 to -752). Plasmid pSV2/3, expressing a chimeric SV40-/3-globin RNA under the control of the SV40 early promoter-enhancer sequences, was cotransfected as a control for transfection efficiency (see figure IB, pSV2/S internal control). An equal amount of specifically initiated RNA was found in every transfection, indicating that the results described above could be compared.
HeLaR cells constitutively produce a functional R protein
Having shown that at least two R-responsive elements are located between positions -737 and -805, we wanted to determine if R binds directly to this region and where. an increased expression of specifically initiated |3-globin mRNA from plasmid pG2 ( Figure 2C, lanes 1 and 3) . However, in HeLaR cells, /3-globin RNA levels were increased when the Rresponsive enhancer was inserted in front of the /3-globin promoter ( Figure 2C, compare lanes 1 and 2) . Moreover, this R-enhanced /3-globin RNA transcription was further increased by treatment of the cells by ZnC12 ( Figure 2C , compare lanes 2 and 4). An equal amount of RNA was expressed from plasmid pSV2/J cotransfected as an internal control, suggesting that the results described above could be compared ( Figure 2C , lanes 5 to 8). In conclusion, HeLaR cells produce a functional R polypeptide, and the amount of R produced can be increased by ZnCl 2 . Wild type R protein and a C-terminal deleted mutant of R (Manet et al, unpublished data) were also produced by in vitro translation. RNAs transcribed from the SP6 promoter located upstream from the R gene cloned in plasmid pSPT19 ( Figure  2A, plasmid pSPT19R) or of the deleted mutant gene cloned in the same plasmid, were used to programm protein synthesis in messenger-dependent rabbit reticulocyte lysates. In these lysates, a 90Kda 14C-Leucine-labelled polypeptide corresponding to the wild type R was detected after SDS-PAGE and autoradiogaphy ( Figure 2B , lane 7) whereas a 50 Kda 14C-Leucine-labelled polypeptide was detected for the C-terminal deleted mutant.
R binds to the RRE-DR in vitro
Four sources of proteins, HeLaR and HeLaN cells nuclear extracts, and reticulocyte lysates containing R or BMV (Bromomosaic virus) proteins translated in vitro were used in conjunction with 5'-end-labeled double stranded DNA probes covering the RRE-DR to determine the sequence-specific DNA properties of R by DNAase I footprinting. One probe was 5'-endlabeled close to position -741 and called pG2ENC ( Figure 3A) , and the other probe was 5'-end-labeled on the opposite strand close to position -899 and called pG2EC ( Figure 3C ). Several regions of probe pG2ENC, called I, II, HI, IV and V, were protected against DNAase I digestion by a HeLaN nuclear extract ( Figure 3B , lanes 5 and 6), as compared to the DNAase I digestion pattern of the probe in absence of protein extract ( Figure  3B , lanes 2 to 4). Moreover, two DNAase I hypersensitive sites called b and c, were also induced. However, the HeLaR nuclear extract strongly increased the protection of regions I ( -741 to -760) and II (-760 to -800) ( Figure 3D , lanes 7 and 8), and induced the DNAase I hypersensitive site a. These results suggest that R is binding directly to regions I and II. They are also compatible with the idea that the HeLaR extracts contain cellular factors induced by R that bind to region I and II. The same factor might be present in HeLaN cells at lower concentrations. To determine further if R directly binds to these regions, DNAase I footprints were performed with extracts containing in vitro translated R. In this case, only region I and a shorter segment of region II were protected against DNAase I digestion ( Figure  3B , lanes 16 and 17). As such a footprint is not observed with extracts containing proteins translated in vitro from BMV RNA in the same conditions ( Figure 3B , lanes 13 to 15), the DNAase I footprint obtained with R in vitro translated can be considered as specific. As shown in Figure 3A , regions I and II overlap the sequences located between positions -737 and -775, which are those that mediate R-activation of the ORIlyt enhancer (see Figure 1 ).
DNAase I footprints were also performed on probe pG2EC ( Figure 3C ). No clear footprint was detected on this strand with either the HeLaN or the HeLaR nuclear extract ( Figure 3D , lanes 1 to 9). However, a strong DNAase I hypersensitive site called a, was detected with the HeLaR nuclear extract ( Figure 3D , lanes 7 to 9). This strong hypersensitive site was also induced by the in vitro translated R protein, but this time there was a clear footprint overlapping the sequences located between positions -737 and -775 ( Figure 3D, lanes 14 and 15) . As previously, such a footprint is not seen with extracts containing proteins in vitro translated from BMV RNA ( Figure 3D, lanes 12 and 13) . Thus, in conclusion, R seems to bind directly to the sequences (RRE-DR) mediating the R-activation in a transient expression assay, as defined by deletion mutagenesis ( Figure IB) .
The R DNA-binding domain is located in the N-terminal 355 amino-acids
As discussed above, R seems to bind in vitro to a region overlapping positions -741 and -780 in the RRE-DR, and possibly to two sites within region I and n. Interestingly, deletion mutagenesis in this region also showed a two-step decrease in the R-responsiveness, corresponding approximately to regions I and II. To localize further where R bound in the RRE-DR, we made mobility shift assays using the in vitro translated R protein in conjunction with three synthetic double-stranded oligonucleotides overlapping regions I and II, and called BO, Bl and BR ( Figure 4A ). We also made use of a fourth double stranded oligonucleotide called B2 ( Figure 4A ), which corresponds to a region protected by HeLaR extracts but not by in vitro translated R (-787 to -807). Probe B2 should not therefore bind in vitro translated R. As judged by mobility shift assays and competitions, specific binding of R was observed to probes BO, Bl and BR, but not to probe B2. The in vitro translated R bound with a higher affinity to BO ( Figure 4B 5) . Again, the interaction was specific since binding of RD97st to probe BO was competed out by an excess of unlabelled probe BO ( Figure 4C , lane 6), but not by an excess of probe B2 ( Figure  4C, lane 7) . Similar results were obtained with probes Bl and BR (not shown). These results suggest that there are at least two R binding sites in the RRE-DR. Furthermore, specific binding to these sites is still observed when the R protein is reduced to the N-terminal 355 amino-acids.
R binds to two contiguous sites in the RRE-DR
Since in vitro translated R bound to probes BO and BR, the contact points of R with these double-stranded oligonucleotides were probed chemically by modification of the DNA with dimethyl sulfate (methylation interference analysis). After partial methylation at purine residues, the modified probes were used in the gel retardation assay. Free (F) and bound (B) probe DNA was recovered, subjected to chemical cleavage at methylation sites, and the products were resolved by gel electrophoresis under denaturing conditions. On both the coding (C) and the non-coding (NQ strands of probe BO, strong interferences were detected on guanine residues in the sequences 5'-GTGCC-3' and 5'-GTGGAC-3' ( Figure 5B ). Such strong interferences suggest that R contacts simultaneously both sequences rather than binding to them separately. Similar results were observed with probe BR, where strong interferences were detected on guanine residues in the sequences 5'-GTCCC-3' and 5'-CGTGGGTG-3' ( Figure  5C ). Again, such strong interferences suggest that R contacts the two sequences simultaneously. This was strengthened by the fact that there was no interference on the sequence 5'-GTGGAC-3' present alone in probe BR, whereas interferences on this sequence were observed in probe BO (see Figure 5B) . Similarly, there was no interference on the sequence 5'-GTCCC-3' located between positions -760 and -765 and present alone in probe BO ( Figure  5B ), whereas interferences were found on this sequence in probe BR ( Figure 5C ). Moreover, on both the coding and the noncoding strands of a double stranded oligonucleotide covering the entire RRE-DR, interferences were observed on the four sequences described above but with a much weaker intensity (not shown).
The results of the methylation interferences are summarized in Figure 5A , and suggest that R binds to two contiguous sites in the RRE-DR. Each site probably consists of two regions directly contacted by R and separated by 6 or 7 bp, 5'-GTGCCTTGT-CCCGTGGAC-3' and 5-GTCCCTCCAGCGTGGTG-3', called RRE-DR 1 and RRE-DR2 respectively. Similar results have been obtained with the R deletion mutant RD97st (not shown).
The RRE-DR1 and the RRE-DR2 do not respond cooperatively to R In order to further evaluate the contribution of each R-binding site in the R-induced activity of the RRE-DR, we mutated the RRE-DR1 ( Figure 6A , plasmid pG2M2), the RRE-DR2 ( Figure  6A , plasmid pG2M3) or both ( Figure 6A , plasmid pG2M4). These mutations impaired totally the binding of R on the isolated RRE-DR 1 or RRE-DR2 in vitro (not shown). Each mutant and the wild type RRE were placed upstream of the /3-globin promoter saturating (lanes 8 and 9) than saturating amounts of R Qanes 13 and 14). Finally, when both the RRE-DR1 and the RRE-DR2 were mutated (mutant M4), the R-induced activation was strongly impaired, and this was seen at 500 ng as well as 50 ng of Rexpression vector (lanes 10 and 15). These results suggest that the RRE-DR1 and the RRE-DR2 do not respond cooperatively to R. An equal amount of RNA was expressed from plasmid pSV2/S ( Figure 6C, lanes 1 to 15) , indicating that the results presented above could be compared. However, it should be noted that the /3-globin promoter, which lacks R-binding sites, is weakly stimulated by R at high concentrations of the factor, suggesting that R present at high concentrations can activate by binding non specifically to the /3-globin promoter. Moreover, /3-globin specific transcription from mutant M4 was still weakly activated by high concentrations of R ( Figure 6B , compare lanes 2 and 6), suggesting that the mutations did not impair totally R binding in vivo.
DISCUSSION
In this report, we provide the first evidence that the N-terminal 355 amino-acids of the EBV-encoded transcription factor R, confer sequence-specific DNA binding properties to this protein in vitro. Furthermore, using DNAase I footprints we have also shown that HeLa cell proteins bound to regions I and II in the RRE-DR, where two R-binding sites have also been identified. The protection against DNAase I digestion of regions I and II was much more pronounced with HeLa cell extracts containing R than with HeLa cell protein extracts. At present, we do not know if this reflects the induction by R of such cellular factor, or if there is cooperativity between R and these cellular factors, or if R competes with these cellular factors for binding on the RRE-DR. Whether these cellular factors are contacting DNA at the same sites as R, and if such proteins contribute to the R-activation of the enhancer is also at present unknown. However, mutations which affect the purine residues contacted by R, impaired Rbinding in vitro and also impaired the R-induced transcriptional activation in a transient expression assay (Figure 6B ). This suggests that R-mediated transcriptional activation requires direct interaction between R and its cognate binding sites. Nevertheless, one cannot rule out the possibility that although R can directly bind in vitro to the RRE-DR, in vivo, the function of R would be to stabilize the binding of cellular factors to the RRE-DR, or to induce the expression of such cellular factors. In that case, transcriptional activation mediated by R in vivo would be due solely to the cellular factors stably bound to the RRE-DR. Therefore, it could be that R is not a transcription factor per se, and in addition to the domain required for specific DNA binding and/or stabilization of cellular protein interaction with DNA, it could be that R does not have a domain responsible for transcriptional activation. We have shown here that the R Nterminal 355 amino-acids are sufficient for specific DNA binding. However, this part of the R protein did not permit transcriptional activation from the RRE-DR (E. Manet, unpublished data). It remains to be established if the C-terminal part of R linked to an heterologous DNA binding domain will allow transcriptional activation from the appropriate binding sites, demonstrating that R is a transcription factor per se.
In this report we also show that the contiguous site RRE-DR 1 and RRE-DR2 act additively but not synergically at low R concentrations ( Figure 6B ). However we have previously reported that the probe BO containing the RRE-DR 1 mediated R-activation of an heterologous promoter and that probe Bl containing the RRE-DR2 did not, whereas when linked to each other the paired RRE-DR sites responded synergically to R (28) . These previous results can now be explained by the fact that R binds poorly to the RRE-DR2 in probe Bl ( Figure 4B ) due to the absence of flanking sequences which probably stabilize the binding. In effect, in probe BR, which contains these flanking sequences, R binds as efficiently to the RRE-DR2 as it does to the RRE-DR1 in probe BO ( Figure 4B ). Therefore, in our original report (28) , the apparent synergy between the paired RRE sites probably reflected stabilization of R binding to the RRE-DR2 by flanking sequences.
The additive effect described above between the RRE-DR 1 and the RRE-DR2 is not seen anymore at high R concentrations. This could be due to the fact that binding of R to a single RRE, or R-induced binding of a cellular factor to a single RRE, results in maximal stimulation of transcription.
The two R-binding sites characterized in this report are partially homologous. Each seems to be composed of two regions contacted directly by the protein, and separated by 7 bp in the case of the RRE-DR 1, CCTGTGCCTTGTCCCGTGGACA-ATGTCCC, and by 6bp in the case of the RRE-DR2, CAATGT-CCCTCCAGCGTGGTGGCTG. The binding sites are not palindromic and whether R interacts with the RRE sites as a monomer or as a dimer is not as yet known. We, and others, have characterized another R-responsive enhancer in the EBV early promoter PM, controlling the expression of a factor acting at the post-transcriptional level (23b; 24). Bidirectional deletion mutagenesis and DNAase I footprints indicate that there could be four R-binding sites, with sequences only partially related to the one described in this publication (H. Gruffat and M. Buisson, unpublished results). Therefore, as in the case of the EBVencoded upstream element factor EB1 (18), the EBV enhancer factor R could bind to many sites which are imperfectly homologous and rather degenerated. This possibility is interesting if one considers the regulation of EBV early genes expression. Two transcription factors, EB1 and R, seem to be involved in the activation of EBV early genes expression. EB1 expressed in EBV latently infected B cells, activates the expression of R and of many EBV early promoters (12; 22) . Many EB1 binding sites but fewer EB1 responsive elements (ZRE) have been identified. These ZRE are different but partially conserved (18) . R expressed in EBV latently infected cells activates as many promoters as does EB1, but R does not induce the expression of EB1 (A. Chevallier-Greco, personal communication). This suggests, that there must be many R-responsive elements in the EBV genome, and the multiplicity of these elements calls for imperfect conservation of the binding sites.
